Background Patients with malignant fibrous histiocytoma of bone (MFH-B) and osteosarcoma reportedly have comparable survival rates, despite the lesser chemosensitivity of patients with MFH-B compared with those with osteosarcoma. Questions/purposes We therefore asked (1) whether there is a difference in the initial tumor volume, histologic response, and survival between cohorts with MFH-B and osteosarcoma, and (2) whether histologic responses and survival rates differed between two groups even after matching for volume and age.
Introduction
MFH-B accounts for 3% to 8% of all bone tumors [6, 23] , and 70% to 75% of MFH-B tumors arise in the appendicular skeleton [7, 12] . These tumors share some radiographic features with osteolytic osteosarcoma [9, 15, 17] . Most primary osseous MFHs are purely osteolytic, although in contrast to other primary osseous malignancies, MFH usually is not accompanied by periosteal reaction [16] . The survival of patients with MFH-B was low in the prechemotherapeutic era with surgery alone [6, 12] . An increase in survival for patients with osteosarcoma receiving chemotherapy has encouraged oncologists to use chemotherapy to treat patients with MFH-B, reportedly with a higher survival rate than with surgery alone [6, 8, 11, 24] .
Although the reported survival rate for patients with MFH-B treated using a multidisciplinary approach is comparable to that of patients with osteosarcoma, several of the tumor's clinicopathologic characteristics raise basic questions regarding its nature. First, given a chemotherapy regimen identical to one used to treat osteosarcoma, MFH-B shows a lower rate of good responders to chemotherapy [19] . Second, the pattern of relapse is different. In MFH-B, the percentage of bone metastasis as the first site is greater than with osteosarcoma and there is substantial late relapse potential after 5 years from treatment [6, 19, 24] . Also, the mean age of patients at presentation is older than for patients with osteosarcoma [3, 18] . Owing to these reasons we presumed MFH-B and osteosarcoma would have differing biologic natures, despite their similar survival rate.
We therefore questioned (1) whether there is a difference in the initial tumor volume, histologic response, and survival between cohorts with MFH-B and osteosarcoma, and (2) whether histologic responses and survival rates are different between these two groups even after matching for volume and age.
Patients and Methods
From our computerized archives we identified 53 patients with biopsy-proven primary MFH-B treated from March 1986 to January 2006. Nine of the 53 patients did not complete the treatment protocol and were excluded. Those exclusions left 44 patients with MFH-B. Five (11%) of 44 patients had metastasis at presentation. To ensure homogeneity of the study population, we excluded 12 of the 39 patients with Stage IIB MFH-B; the reasons for these exclusions were an intralesional procedure at a referral hospital (eight patients), spinal location (one patient), treatment by surgery only owing to old age (one patient), radiotherapy only (one patient), and cancellation of the intended surgery owing to tumor progression after chemotherapy (one patient). In the eight patients who underwent intralesional procedures, the initial clinical impressions at the referral center were benign aggressive tumor (four patients), metastatic carcinoma (two patients), and metastatic pathologic fracture (two patients). The types of procedures performed at the referral center were curettage in six patients and open reduction in two patients. After referral, half of the patients underwent amputation. Therefore, the final study population consists of 27 patients with localized MFH-B who underwent surgery and completed chemotherapy.
There were 19 males (70%) and eight females (30%) with an average age of 35 years (range, 10-76 years). Their median followup was 66 months (range, 7-183 months). This study was approved by our Institutional Review Board.
Plain radiography of primary tumors, 99m Tc-methylene diphosphonate whole-body bone scans, and CT chest scans were used to define tumor extent. Plain radiographic patterns were classified into three types: predominantly osteolytic (n = 24), predominantly osteoblastic (n = 1), and mixed (n = 2). Since 1990, MRI of primary lesions has been mandatory for all patients. Diagnoses of MFH-B were confirmed routinely during the study period using histologic slides of tumor tissues obtained by open biopsy and prepared from resected specimens. The microscopic slides of tumor tissues were reviewed by two pathologists (MSK, JSK). The histologic criterion for MFH-B was malignant spindle-shaped fibroblast-like cells with histiocyte-like morphologic features without osteoid or chondroid matrices produced by tumor [7, 12] . Primary tumor locations were the femur in 15 patients, the tibia in seven, the pelvis in three, and the humerus and scapula with one each.
As our study period spans 20 years, three chemotherapy protocols have been used. Briefly, cyclophosphamidevincristine-Adriamycin-dacarbazine (CYVADIC) was administered to three patients and ifosfamide-cisplatin (IFO-CDDP) to four patients before 1993. However, subsequently, the protocol was changed to that used to treat osteosarcoma (the modified T10 protocol) in 20 patients [21] . Twenty-five of 27 patients received neoadjuvant chemotherapy, and 23 (85%) patients completed the full course of scheduled chemotherapy. For the four remaining patients, two received less than 80% of the scheduled treatment owing to old age, and two had Grade 3 or 4 hematologic toxicity. Scheduled durations of chemotherapy ranged from 24 to 36 weeks.
Surgical margins were assessed using the criteria of Enneking et al. [10] . Histologic responses of tumors to neoadjuvant chemotherapy were graded based on percentages of tumor necrosis, where Grades III and IV (C 90% necrosis) indicated a good response and Grades I and II (\ 90% necrosis) indicated a poor response [21] . Information regarding tumor necrosis was not available for three patients owing to adjuvant chemotherapy only (two patients) and incomplete data (one patient). Tumor volume was measured by MR images and calculated based on the description by Bieling et al. [4] using the formula: tumor volume = 0.53 9 tumor length 9 width 9 depth.
To compare the clinicopathologic characteristics of patients at presentation and treatment-related factors between MFH-B and osteosarcoma, we extracted data for 389 patients with localized osteosarcoma during the same period. Thirty-two (8%) of the 389 patients were treated with the Adriamycin-CDDP protocol and the remaining 357 (92%) received an identical protocol used for the 20 patients with MFH-B (modified Rosen's T10 protocol) [20] . As tumor volume at presentation (p = 0.001) and age (p = 0.026) were significant prognostic factors for survival of patients with MFH, we further recorded two parameters for 54 (ratio of 1 to 2) patients with osteosarcoma. We compared the 5-year metastasis-free survival rate, histologic response, local recurrence rate, surgical margin, and type of operation. The median followup for the control group was 89 months (range, 15-186 months).
For the survival analysis, the primary end points used were time to metastasis and time to death. Event-free survival was measured from the date of initial diagnosis to the date of metastasis or local recurrence. Overall survival duration was measured from the date of initial diagnosis to the date of death. Patients who did not have metastasis develop or who survived were censored at their last followup visit. Fisher's exact, chi square, and Student's t tests were used to identify differences between patients (Stage IIB MFH-B) and control subjects (Stage IIB osteosarcoma) in terms of clinicopathologic characteristics, and the Kaplan-Meier method and log-rank test were used to identify survival differences. Analyses were performed using SPSS 1 Version 13.0 (SPSS Inc, Chicago, IL, USA).
Results
Patients with MFH-B (27 patients) and those with osteosarcoma (389 patients) were similar with respect to gender, location, presence of pathologic fractures, operation types, local recurrence, histologic response to preoperative chemotherapy, and surgical margin (Table 1) . However, patients with MFH-B were more likely to have an osteolytic pattern seen on plain radiographs (p \ 0.001), older age (p \ 0.001), and a tendency to have smaller initial tumor volume (p = 0.060). The 5-year metastasis-free survival rates for the MFH-B and osteosarcoma groups (61.2% ± 9.7% versus 61.3% ± 2.5%, respectively) were similar (p = 0.586) ( Fig. 1) .
Among the eight patients who had an intralesional primary procedure, five died during followup and three were continuously disease free at followup (range, 80-145 months). Of the five patients with metastasis at presentation, four died from their disease and one had no evidence of disease at 32 months after referral.
We found no difference in age, gender, tumor volume at presentation, and location between the two groups ( Table 2 ). The proportion of good responders to preoperative chemotherapy was similar (p = 0.622) in both groups. Five-year metastasis-free survival rates for the MFH-B and osteosarcoma groups (61.2% ± 9.7% and 70.4 ± 6.2%, respectively) were similar (p = 0.338) (Fig. 2) .
Discussion
Understanding the impact of clinicopathologic factors on survival would provide a basis for risk-adapted therapy. Previous studies suggest patients with MFH-B and osteosarcoma have similar survival rates, despite patients with MFH-B showing lower chemosensitivity and being older at presentation [3, 19] . Along with those contradictory reports, most MFH-Bs are purely osteolytic and infrequently show a periosteal reaction [15] . Moreover, patients with an osteosarcoma with a purely osteolytic radiologic finding reportedly have a poor prognosis [9] . We therefore asked (1) whether there is a difference in the initial tumor volume, histologic response, and survival between cohorts with MFH-B and osteosarcoma, and (2) whether histologic responses and survival rates differed between these two groups even after matching for volume and age.
Our study has several limitations that should be considered. First, all patients did not receive the same chemotherapy regimen. Seven (26%) of the 27 patients with MFH-B received a regimen other than the modified T-10 protocol. Three of seven patients received CYVADIC and four of seven had IFO-CDDP. However, all seven patients received two of the three drugs (Adriamycin, CDDP, IFO) known to be effective for treating osteosarcoma. Moreover, a previous report suggests the use of different regimens do not affect the survival rate [2] . Second, there is potential bias in selecting a control group. Although underpowered owing to the small sample size, when selecting the prognostic parameters for matching we identified tumor volume and age as initially significant factors for survival. Third, the data for tumor volume were calculated from the dimensions measured on the MR images by simplified mathematical formulas rather than by using a special built-in software package in the MRI scanner. Therefore, there is potential risk of overestimating or underestimating real tumor volume. However, Shin et al. reported that tumor volume measured by MRI using the ellipsoid mass formula closely correlated with the volume calculated by the built-in software package in the MRI scanner [22] .
Our findings concur with those of other studies regarding MFH-B survival outcome on multidisciplinary treatment and its similarity with osteosarcoma with respect to prognosis (Table 3 ). However, the percentage of good responders to chemotherapy is similar to that of the osteosarcoma cohort. In previous reports, there is debate regarding whether patients with MFH-B show inferior chemosensitivity [1, 5, 19] . Two factors such as tumor volume and chemotherapy regimen may be related to the response to preoperative chemotherapy. For the chemotherapy regimen, Bacci et al. [2] and Picci et al. [19] reported consistently poorer chemosensitivity regardless of the number of drugs used and the dose intensity. However, given a similar chemotherapeutic regimen, two studies [3, 5] reported higher proportions of good responders over those reported by Bacci et al. and Picci et al. Although we are uncertain of the reason for this discrepancy, a possible explanation would be a difference in initial tumor volume. The initial tumor volume tended to be larger in patients in the studies reported by Bacci et al., Picci et al., and others [3, 5] than we observed. Still, despite the larger tumor volume and low response rate, the survival rates reported by Bacci et al. and Picci et al. for patients with MFH-B are similar to others including ours. A large cohort study would be needed to explain this discrepancy.
Our data suggest similar survival rates and histologic responses between patients with MFH-B and osteosarcoma. This implies that despite patients with these two disease entities differing in mean age at diagnosis and radiologic presentation, they show a similar response to contemporary therapy. However, a consistent finding across studies is that Therefore, there is a possibility that survival is related more with histologic response in MFH-B than in volumematched osteosarcoma. Initial clinicoradiographic findings of MFH-B, such as older age at presentation than for patients with osteosarcoma, scant periosteal reaction, a lytic pattern observed on plain radiographs, and the presence of pathologic fracture, can cause physicians to perform erroneous surgical procedures. In the masked analysis of the radiographs of patients with MFH-B, a clinical impression of MFH-B was not the first priority in the differential diagnosis [15] . Therefore, especially for older patients, there is a substantial chance of misdiagnosis if we perform a surgical Fig. 2 The Kaplan-Meier estimated survivorship curves for 5-year metastasis-free survival rates of patients with MFH-B (n = 27) and matched patients with osteosarcoma (n = 54) are similar (p = 0.338). Fig. 1 The Kaplan-Meier estimated survivorship curves for 5-year metastasis-free survival rates of patients with MFH-B (n = 27) and osteosarcoma (n = 389) are similar (p = 0.586). Ham et al. [11] 1996 1977-1994 (17) 12 (70%) NA T10 protocol (10) [20] , others (2) 9 (90%) 1 (10%) 0% procedure when we have only a clinical impression. In our study, 18% (eight of 44) of patients with MFH-B underwent an intralesional procedure, which is substantially larger than the 5.4% reported for patients with osteosarcoma [13, 14] . We found patients with MFH-B and osteosarcoma have similar survival rates and histologic responses to chemotherapy. We believe these two disease entities are similar regarding response pattern to contemporary therapy, despite having a different clinical presentation.
